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SUMMARY

Results are presented for a part of a test program

n 2ljs-T sluminum-alloy flat compression panels with
longitudinal formed hat-section stiffeners. This part
of the program is concerned with panels in which the
thickness of the stiffener material is 0.625 times the
skin thickness. The results, presented in tabular and
graphical form, show the effect of the relative dimen-
sions of a panel on the buckling stress and the averags
stress at meximum load.” Comparative envelope curves
are presented for hat-stiffened end Z-stiffened panels
having the same ratio of stiffener thickness to sheet
thickness. These curves provide some indication of the
relative structural efficiencies of the two types of
panel.

INTRODUCTION

An extensive experimental investigation of the
strength of 2);8-T aluminum-~alloy flat cowpression panels
with longitudinal formed Z-section stiffeners was
reported in reference 1. The data presented in that
naper were also reworked on the basis of a selected
design parameter and were used for the preparation of
design charts in referencs 2. 4 similar investigation
is now being conducted on panels of the seme mdaterial
with formed hat-section stiffsners for the purpose of
making design charts like those of reference 2 and also
to provide an eventual complete comparison of the struc-
tural efficlenciss of the two types of stiffener.
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The *nitial nert of the test program on panels with
hat~gection stiffensrs has now been completed and the
results are presented herein; this part of the ovrogram
ig concerned with panels in whieéh the thickmess of tae
stiffener matsrial 1s 0.625 times the skin thickness,
The nresent paver deals only with the data as ohtained;
the crossnlots and scatter-reduling procedurss used in
reference 2 hdve not as yst besen applied to thess data.

SYMBOLS

Symbols for dimenaions of pansl cross sectlons 8&re
shown in figure 1, In =dditicn, the following symbols
are used: : :

P. compresslive loed por Anoh of p.nel width, lips
- ney inch. :
A crogs-sectional erca per inch of v»arel width, or

equivalent thickness df nanel, inches

T, length of panel, inches

¢ cosfrficient of end fixicy in Fuler coluim formuls
T o local-buckling stress of skin or atiffener, ksi
Gp average stress at failurs, ksi

b/t width-thickness ratio of element where bucxling
Llrst anpears .

TEST JECIMENS

The test vpansels sach had six stiffeners. DBoth the
skin end the stiffeners were mudb of “hc - eluminum-alloy
sheet with the grain of the mateplzal ;arall&l to the
longitudinal axis of ihe paneTS.- The with-grain com-
nressive vield strength of the skin moberial ranged
between L2,2 kei and h4.9 Isi with wn average of aboub
ha.a ksl and that of the stiffeaner material before
Torming veried between ldp.C lsi and hé6.2 ksl with an
average of sbout lLL.8 kai, '
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For the tests reported herein, the nominal thicknesses
of the stiffena materisl and the slin were 0.040 inch
and 0.06ly inch, respectively. The nominal ratio of the
stiffener thickness to the skin thickness tw/ts was

therefore constant at 0.625. With these dimesnsions known,
numerical valuss for all other cross-szectional dimensions
can be found by means of the proper dimension ratios..

The stiffeners were formed from flabt sheet to an 1nside
radius of 0.125 inch for all bends. The width of the
attachment flange bA was 0.75 inch for all stiffeners.

The rivet lines on the stifieners were on the longltudinal
center lines of the attachment flanges. A typical panel
cross section is shown in figure 1.

The NACA flusherivet method (raference 3) was employed
in the construction of ths itest specimens. The rivet
holes were countersunk on thes skin side of the panel to
a denth of three fourths of the skin thickness, the counter-
gink having an included angle of €0°. Ordinary flat-head
Al1T7S-T aluminum-alloy rivets wsre inserted from the
stiffener side, snd the shanks were upset into the counter-
sunk cavity. The protruding part of the upset shanks was
then millsd off to provide a smooth surfece. The rivet
diameter was 5/3%2 inch and the pitch was 3/} inch.

In order to ensure uniform bearing in the testing
machine, the ends of each panel werc ground flat and
perpendicular to the longltudinal sxis of the panecl.

METHOD OF TESTIWG

The specimens wore tested £flat endsd, wlthout side
supvort, in the 1,200,000-pound-capacity teating machine
at the Langley structures research laboratory. For this
testing wmachins, within the range of loads used, the
indiceted load is within 1/2 of 1 percent of the applied
load. Provisions were made for setting the specimens
in the testing mechine 1n such a manner as_tc malntain
the flatness of the panels and afford uniform bearing at
the onds. TFigure 2 shows a panel prepared for testling.

Resistance-type wire strain gages were used to
measure s3trains at successive increments of load. The
gages were placcd in those locations on the stiffeners
and skin where buckles were expected to appear first,
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RESULTS AND CONCGLUSIONS

Specific results and conclusions for hat-stiffened
nanels.- By use ol tTne method set forth in reference i,
it has besn found that for panels, similar to those of
this investigation, which were tested flat-ended in the
sare Testing machine, the coefficient of end fixity ¢ 18
about 3.75., This value of ¢ was consequently used in
reducing the oresent data. :

In order to obtain the average stress at fallure Oy,
the load at which failure occurrell was divided by the
cross-sectional area of the psnel, [No adjustment was
made to offset the effect of haviug en unequal number of
stiffeners and bays. The effect gf such an ad lustment
would be to decrease gliéhtly the ivalues of <Jp &t high

bg
values of -2 and

g L/ \/—
the vpresent paper is to present tqst deta, however, and
not to vrepare finsl design nharta, the ad*ustment was
considered unwarranted.

< Tnasmuch as the purpose of

In order to obtain the buckling stress for each
penel, the strain~gage readlings were plottesd in the form
of load~strain curves and thse buckling load was taken as
the loesd beyond which there was a decrease in local com-
nressive stra! n, s shown by the rsading of a gage nesr
the crest of a buckle. The buckling load was dilvided by
the cross~scctional area of the pshel to glve the observed
buckling stress. An adjustment was made in the observed
buckling stress to correct for slizht variations from the
nominal dimensions of the specimens. The method for
making the adjustment is explained.in the appendlx and
1llustrated in table 1.

Pecsuse stresses are detarminéd by the relative
rather than by the absolute dimenslons of the penels,
nondimensicnal ratios are used in dresenting the data.

P S L
In reference 2 the quanbity ——i-éis'aévélbped 6s &
LA
suitable parameter sgalnst which to plot the average
stress at maximum load. This paramster is used 1in
plotting the results of the tests ih the present
invastigation.
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Tebles 2 to 5 (fecing figs. 3 to 6) list both the
observed and the adjusted buckling stresssa, together
with the average atress at fsllure, for corresponding

P A. : o T
values of ———, The r&tlo .= is included in the tablas
LA tg
Ve
for convenience in making comparisons between the hat-
stiffened test vanels and the 7Z-stiffened panels of
reference 2. Values of L/\/6 are slso given. T

In figures 3 ;O 6 the average stress at fallure is

nlotted against for the various dimension ratios

L/\/.c_ - : - s L e
used. The buckling stress shown on the curves is an '
average value of the corrected buckling stresses for
those panels which have identlcal cross sections but
different lengths. The initiel dashed narts of the
curves were computed from ths column strength of the
nanels based cn nominal dimsngions and & column curve
obtained from equations (5) and (6) and table 1 of
reference 5; the solid-line parts of the curves were .
drawn through the experimental test points.

The primary results of this investigation are to
be found in the numerical vslues of test data contalned
in the tables and figures. In addition the following
general conclusions may be drawn regarding the effect of
the various dimension ratios on the strength of the test
veanels. It 1s assumed that as each dimension ratio 1is
changed all others remain constant. These general con- -
clusions can only be considered to apply withln the
range of panels tested, :

1. ¥%hen the parsmeter has a very low value-

L/\/G
(long panels that fall by coluan bending) the stress
developed by the panels incressss with an Increase R -

in by/ty but for high values of the stress .
w/ T LA

decreases as by/t, increases.

2. Although an incresse 1n the ratio b /b increases

the strength of a panel against column failure, 1t tends
to decrease the local-buckling and locel-failurse stresses_
whenever Dby/ty 1s greater than 30. '
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3. Excert at very low (long vpansels),

Py

LA

the gstress developed by the test nanels incraases as
/tS 18 decreased .

L. T™e local- buckling stress incresses as bs/ts
18 decrecased.

Comparison of hat-stiffened and Z-stifPened panels.-

In reference 2, envslope cgurves of cf against— were

C
presented for Z-stlffened panels with four valuez of the
ratio ty/tg. Although the present paper is of a much

more vreliminary nature than was reference 2, 1t 1s
vossible to prepare a sipllar envslope curve based on
the present—testa. 1In figure 7, such an envelope curve
isg comnared with that for Zz-stiffened panels with

1_

tw 0.63. Tt should not be inferred that the ratio
S _

t W |

Fj 1s congsidered a prover baslg Tor final comparlson;

p?obably the only true comnarison would be provided by
actual comparsative designs. The present data, however,
are tooc limited for such an axpedient and consequently
tw/tg 1s used to afford a tentative evaluation.

The most immediately evident feature of figure 7

is that the curve for hat-stlffenéd panels is aporeciably
. P

lower over most of the range of vélues of than

LA
thet for Z-stiffened paneslsa. Tt . has been held by many
deslgners thet the hat—sevction la the more efficient of
the two stiffeners, because of 1ta greater stability
against-twlsting. The compariscon !shown in figuras 7 1s
therefore rather surorising. Sevqral factors besldes the
inherent effiolisncies of the two shapes, however, could
be respanslible for the differencae. Flrst, thers 1s the
nossibility of slightly dlfferent shop techniques in
preparing the svacimens. This faator could cause vsria-
tlons in either directlon and canmot be evaluated.
Another factor, however, can definitely be held respon-
sible for a rsduction in the envelope curve for the
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Py

Lo
soparent from figure 1 that the clear distance bstween
the sides of adjacent stiffeners 1s apprecliably zreater
then ©Dg.  In fact, had bS besn measured as the clear

distance between the sldes of the stiffeners, all values
of b&/tS would hsve been increased by sbout 1ll. On
this basis, the lowest value of bS/t inclunded in the
present progrem is 36, whereas the z-stiffened panels
Iincluded values of this ratio down to 25. It is qulte
likely thst data for hat-stiffened panels wlth values

of bg/te. .lower then 25 (measured as in fig. 1) would
oroduce curvss that would rise sbove the envelope curve
for hat-stiffened psnels in figure 7, et the high values

Py

LAS

An unusually wide ettazchment flange was ussd in the
panels of this investigation in order that, for possible
future tests, a lip might be added st the outer edge
wlthout changing the ovsr-all width of the flange. Thls
wide flange, slthough it »resumably does not appreciably ~
affect the stresses that can bs develoged, does cause &
narticular stress to corresvond to a highnr value of Py

(since Py = GpA; and the wide flange increases Ajy).
This effect undoubtedly causes some of the disparity
between the two curves of flgure 7 but is not considered

so lmportant as the effect of stJffener spacing previously
discussed,

. It is

It 18 thus nossible to effect an increass in the
afficiency of the hat-stiffened panels. There was &
factor in the pressnt tests, howsver, which tended to
lmprove ths efflciency of the hat-~stiffened panels as
compared wlith that of the Z-stiffened panels of rsfer~
ence 2; the rivets wers, relstive to the sheet gages,
larger and more closely spaced thaen those in the
Z-stiffened vsnels. The data of raference § indicate
that stronger riveted joints in the Z-stiffened panels.
would have brought sbout some incresse in strength.

Dasplte the general bslief that the hat section is
the more efficlent stiffener shape, some justification
can be found for a view thst the hat section could be
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inherently less efficlent than the 2 section, in that the
hat section seldom provides uniform spacing af the indlvi- -
dual stiffening elements (sides of the haits) across the _
sheets The view thet a nonuniform spacing of stiffening
zlements 1s inefficient seems intuitively reasonable and
1s suovorted in instences where 1t can eoffectively be pub —
to @ test. There is undoubtedly soms additional, effect -
due to The fact thet nonunilform specing tends toward . —
higher values of Ay/tg than uniform spacing. As pre-
viously pointed out, hlgh values.of _Ay4/tg may have the
effect of Increasing the values 6f ~d— w1thout apore-

LA
ciably affecting the stress,. The increcse in Ai/ts is
evidenced by the fuct that if bs/fc, by/tys &nd tw/ts

are the same for a het-stiflened iwnd a Zz-stiffened panal,
and Dby/by for the hat sti‘feneg 18 twice the value of

by/by for the 2 stiffener (by -being the flangs width) L
the values of Ay /tg are ln gencral greater for the - -

hat-stiffened nanel, and the difference is more than v
that accounted for by the wider attachment flange. Thils
comnarison can bs verifled from tnie tabulated values

of Ay/tq given 1n reference 2 end tha present paper.

The fact that the envelope chrve for hat-stiffened
panels (fig. 7) 1s the higher of the two at low values

- ."-

undoubtedly larzely éue to the inclusion of

of s -
L/\/E b . _ o _ - : sz
the value +— = 60 1n the present tests; no proportions Sz

vu
80 well sulted to reslsting column bending were included -
in the tests of Z-atlffened pansls.

On the basis of testing exper*encb, together with. . - - -
the conslderatlons mentloned, 1t dppears unlikely that
modifications to the hat-stiffensd pehels to bring them "
Into clossr corrsspondence wlth the Z-stiffened panels _
of reference 2 would result in a shift—of the envelopae R
curvo to a nosition apnreciabls ahbbdve that Ffor Z-stiffenad
panels for any but the veiy low valuza of Pi

I."/ '\/ C‘

Langley Memorial Asroncuiical Lo nfatory ' ' - I
Natlonal Advisory Committee for Aerongutics
Lzngley Field, Va. June 3, 1 Fg




NACA TF Wo. I157 9

APPENDIX A
ADJUSTMENT IN BUCKLING STEESS

Inegmuch as slight variations from the specified
dimensions were unavoidable in the construction of the
snecimens, it was necessary that adjustments be made
in order that the data might conform to the specified
dimensions of the panel. Because of the lack of a
satisfactory method for correcting the average stress
at maximum loed, the adjustment was applied only to the
buckling stress. The formula used in wmaking the adjust-
ment was

(%)2(measured)

Cop (corrected) = (observed) X

cr >
b
<E (nominsal)

When the buckling stresses exceeded the slastie range
of the material, the adjustment was modified to take
into account the reductlon in the modulus of elastic*ty
sccording to the curve in figure 1l of reference (. A
sample calculation 1s given in table 1.

In a few instances 1t may be observed that the
ad jus ted buckling stress was somewhat higher than the
corresponding average stress at fallure. This discrep-
ancy occurred because the apolied correction was posglitive
and grester than the difference between the observed
buckling stress and the average stress at fallure.
Elimination of this apparent inconsistency would depend
on the develooment of a suitable means of correcting the
sverage stress at fallure for variations from the nominal
dimensions of the panels.
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TABLE 1

"SAMPLE CALCULATION FCR ADJUSTING BUCKLING STRESSES .

. LGTIT 'ON NI VOVN

(1) (2) (3) (%) (5) (6) (7) (8) (9) (20)
Panel | Element M7asured m}mina.l ) (5) 2 (
where b/t for b/t for O r) (i o _
buckles element in| element in ‘((ET (;-;i?bs (%)obs G%E) (cr) adj
first col, (2) col. (2) (k1) 6) ;d.zs) (ksi)
appeared | - (a) (xs1) (a)
Skin. )
A between 26.2 25.0 1.048 | 1.098 32.3 35.3 38.8 34.6

gtiffener
Top of -

B . | stiffener 1.3 2.0 .991 .982 9.7 9.7 9.5

'9.5

80btained by use of figure 14 of reference 6.

COMMITTEE FOR AFRORAUTICS

NATTONAT, ADVISORY

1T
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Figure |. - Cross' section of a test panel.
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Figure 2.- Panel before testing.

Fig. 2
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TABLE 2
TEST DATA FOR FLAT PANELS WITH EAT-SECTION STIFFENERS WITH ;3 = 0.6
w
t
X
— = 0.62
by (:;{) 7 L A fi Ay by o G L Py la
E{ 8 z ‘/_5- LA g Fv_v- {kal) t ‘7_5 1:“/—o- t—i
observed lAdJuuted (ksi) [(1n.) | (ks1) ObservedIAdJustod Klﬂi),_ (in.)|(ksi) S
b,
s bg _
F§=25 %;"55
za.l 35.0 56.5 2.48l1.626 25.9 26.6 3h.3 2.30 1448
2. .6 . . .T90 27. 28.0 .2| L.81| .701
20| 227 3is 208 4231 190 | aurer fleo| 20k | 338 §§.1 %55 (18 | o8
———— —— 27.1{12.52| .23 ——— ——— 26.0[11.911 .222
3L.8 | 36.1 | 36.9 g.zh 1.047 26.h | 27.8 |33 g-?h -3286
0. .1 . . . 24,1 26.1 1.2| 8.0 .Le8
30 gz.Z ; .2 ih.$ 15.28 .%22 1.860 }| 30 22.6 a 21.6 12.0% 290 | 1725
25108
cees | S2aa | 26.5120.85] .153 m~== | ====  124.9]20.13| .137
29.6 %0.0 21.0{ 5.90} .678 22,2 al.2 aa.z 5.76| .585
27.5 27.6 %0.8 |11.72] .%39 21.0 23y 27 0110} .285
Lo g 29. 0.0 |17. 234 | 2.016 J ko 23] 2 188:3137:38) 3o | 1-8u8
3| | Rehr) B eee o) 2k S Sl
15. 16.0 . . 376 15. 1.9 2z.1} 9.20] .33%0
SR AR B
60 .81 13.8 |2h.5 27.87 126 | 2.235 q o 15.5 %i.é 23.9|27.50] .110 | 2.053
15.2 15.6 23.7iL6.43] 073 16, .3 22.2{45.57] .06k
bg b
-2 = 50 s _
t — =
] tS 15
18.5 19.1 39.5] 3.80{0. %g 10.2 10.2 25.8 %.0610.718
6.0 14, 0.2 7.67( - 8. 8. 25.1| 5.12] .418
20 %5.2 15.? 32.5 13.63 .581 1.4s55 || 20 8.6 8.8 1 3.17 .g 2 | 1.333
———— —— 6.1{19.35| .029 9.9 10.4 20.6[12.23] .143
17.2 18.0 0. .86 .628 8. 8.2 .91 5.32] .428
1?.9 16.hL go.i 'h.72 311 | 4 o 9.% 10.0 %%.o B.Bu .2?3 142
30 1%.7 8.2 | 27.8 13.53 192 373 11 3 5.8 3.7 2l 1h.;z .155 | L.425
18,5 18.9 19.7(24.28] .o082 9.0 .9 19.2{21. .083
R AR E
ho| 1%, 8. 37.9118.66| 161 | 2.679 [ Lo i s 23.0]20.59] ‘110 { 1-510
7 | BE | gpg) e §1 1 §1 |Fhea)
16.2 1h.6 23, 8.26 ';KZ 9.8 10.1 20.4{12.70] .17T1
o 151 BT | EAREL S e leof 33 83 BEGS 08 | e
w2 | 3t |8 hZ:z7 ~o5l, 18 | 18.4 {176 5013 037

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

—— TN
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Figure 3.~ Compressive strength of flat panels with hat-section stiffeners, . -0625; ¢
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TABLE 3

b.
TEST DATA POR FLAT PANELS WITH HAT-SECTION STIFFENERS WITH r: = 0.8

ER

P
[ - I i A . %% = By
;ﬁ (kal) IR Y- vy Fé- :—T"’ . (kai) e % AR %-'_L_
¥ robaerved[Adjusted| (ket)| (n.) | (ks1) Obsorved| Adjusted| (ksi)| (in.}|(ks1} |
bg _ bg -
Fs- = 25 ;; 35
3.2 36.1 26.9] 2.621.548 ——e c——- 34.8| 2.45]1.40k1
33} ol %26.0[ 5.32 .7%3 24.0 25, 33.%; L.97) .680
2.1 2242 I NI 1. 715)} 201 25,2 | 25. 2.3 289 | 39 | 1-586
= BE g 52| B3 38 0%| 4
32,6 35, 35,8! L. .981 25.2 26.6 32,8 L.24! .849
BB ) ) BE | BLOBIOR B Lo
“-es | .S%-- | 25.B[21.801 .130 2h.3 | 26.2 | 25.4(21. «133
29.3 28.1 30.5( 6.07| .63 .2 z%.é 23.0 5.36 «570
. . 0.5|12.25 ] .316 . 26. 2B.3]11.86} .2
2.3 | 2T | 39:2)18:%2 | By | re981f] ko 23 21.12; 23ia| 078 | e
amee | weme | 27.2]30.49| .113 23, 25. 25.9/29.90| .10
13.2 | 13. 22.8] 9.62 .;ag 12.0 1.0 | 23.% 332 319
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14 _ - NACA TN No. 1157
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Figure 7 - Comparison of envelope curvesf for -Z--sf'iffene_a b.afiels
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